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(54) LITHIUM BATTERY 

(57)Abstract: 

PURPOSE: To stabilize voltage and current and improve 
reliability by forming an electrolyte from a specified high 
molecular copolymer cross-linked body in which an 
electrolyte is connected to a silicon atom through a 
hydrocarbon group. 

CONSTITUTION: In a lithium battery in which negative 
and positive electrodes having lithium metal, a lithium 
alloy or a lithium inserting type carbon as active 

materials are constituted through an electrolyte, the -COO* L i* 

electrolyte is a high molecular copolymer cross-linked 

material consisting of a high molecular compound 

containing a polyorganosiloxane chain containing a 

lithium carboxylate group represented by the formula I in 

which the electrolyte is connected to a silicon atom 

through a hydrocarbon group and a polyoxyalkylene 

chain. The kind, form, and cross-linking density of the 

high molecular compound are not particularly limited. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formula, -COO-U+ which the aforementioned electrolyte combined with the silicon 
atom through the hydrocarbon group in the lithium cell with which the negative electrode which 
makes an active material a metal lithium, a lithium alloy, or lithium insertion type carbon, and the 
positive electrode are constituted through the electrolyte Lithium cell characterized by the bird 
clapper from the macromolecule copolymer bridge formation object which consisted of a 
polyorganosiloxane chain containing the lithium carboxylate machine shown, and a 
polyoxyalkylene chain content high molecular compound. 

[Claim 2] The lithium cell according to claim 1 manufactured by making the polyoxyalkylene chain 
content high molecular compound with which a macromolecule copolymer bridge formation object 
has at least two hydroxyl groups in the polyorganosiloxane which has at least two carboxyl group 
content hydrocarbon groups in (A)1 molecule, and (B)1 molecule, and the mixture which it 
becomes from the alkali compound containing (C) lithium metal atom harden by the dehydration 
condensation reaction. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Application] this invention relates to a lithium cell, the voltage stabilized by all solid- 
states in detail, and the lithium cell which gives current. 

[ 0002 ] 

[Description of the Prior Art] In recent years, as for the lithium cell, highly-efficient-izing, a 
miniaturization, and thin shape-ization are progressing much more with development of 
microelectronics. Improvement of the electrolyte with which the material of a negative electrode 
and a positive electrode and improvement of a gestalt are also included in it with last thing in 
this lithium cell is demanded, and a solid electrolyte is becoming important in the meaning which 
especially gives a solid state, high flexibility, and high fabricating-operation nature. Furthermore, 
various advanced properties, such as high ion conductivity, the high lithium ion transference 
number, high-reliability, and moisture resistance, are demanded. The solid electrolyte material 
which dissolved lithium salt in the macromolecule resin matrix, and it was made to distribute as 
such an electrolyte conventionally is known. Composition of the solid electrolyte which combined 
the polyorganosiloxane chain and the polyethylene-oxide (PEO) chain especially is tried briskly. 
For example, make a siloxane and PEO construct a bridge over JP,62-209169,A by the 
hydrosilylation reaction and radiation (electron ray etc.) irradiation by the platinum catalyst, the 
obtained bridge formation object is made to distribute a lithium ion, and what was made into the 
solid electrolyte is indicated. Moreover, the lithium cell incorporating these solid electrolytes is 
indicated by JP, 63-1 70857, A. However, by these methods, in order to dissolve two or more sorts 
of raw materials, the organic solvent needed to be used. Use of the organic solvent had a 
possibility of having caused complicated-ization of about [ being inapplicable to some products ] 
or a process, and causing aggravation of a work environment, the injury on the charge of an edge 
strip, remains of the organic solvent to an end product, etc. Moreover, even if it could dissolve 
the raw material by the organic solvent, the conclusion nature of crosslinking reaction was not 
completely guaranteed by starting phase separation in process in which the organic solvent 
evaporates etc., but since it was connected with a lack [ deterioration of the quality of a 
product, and repeatability ] etc. after all, there was a problem in utilization. Furthermore, the 
lithium cell which included the solid electrolyte which made the polystyrene which carried out 
the graft of the polyethylene-oxide chain distribute lithium salt in JP,2-230667,A is indicated. 
Although the homogeneity of material improved in this method, there were the following faults. 
That is, in the solid electrolyte of form which distributes the lithium salt stated by JP,63- 
170857, A, JP,2-230667,A, etc., it was that to which movement of an anion takes place 
simultaneously with a lithium ion by electric conduction. In many cases, movement of an anion 
has many evils and bird clappers. For example, when polarization happens into an electrolyte by 
movement of an anion at the time of charge and discharge, the structure of an electrode / 
electrolyte interface will change with time, and the stationary current accompanying movement 
of a metal ion will not flow. Although an anion cannot but exist for charge compensation with a 
cation, production of reducing the mobility if possible, i.e., a cation independent conduction-type 
solid electrolyte, is tried. For example, after making Chemical Society of Japan 1988 spring 
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annual convention lecture number 2XIIC08 carry out the plasma polymerization of the 
benzenesu^onic-aci d methyl ester to octamethylcyclotetrasiloxane, it is made to compound PEO 
an6 the ntWum independent conduction-type solid electrolyte thin film to wh.ch sulfonate .on 
was fixed is indicated by processing with an iodation lithium further. However, the plasm 
i . • j xu f au i+ of it having been difficult to acquire the structure of the 

““her. a s"!d electrolyte was Incorporated even if. since the Hhtar f 
present all had the fault in the property or the manufacture method of the sohd electrolyte itself. 

* — * ?*£ 3 “ Um 

m 

r. «..t that the above faults could be wiped away, and reached this invention, i ne 
purpose of «stv"s t oL al, the solid-state lithium cells that p,. the stab,. voltage 

and current. 

of apolyorganosiloxane chain containing the lithium carboxylate machine shown, and a 

polyoxyalkylene chain content high molecular compound • cell 

rnOQ5l The lithium cell as used in the field of this invention points out both the primary cell 

^ adren ^ 
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[OOO^subsequently 6 explainingThe above-mentioned macromo '® CU ' e ^^ ^utffis" 

. ■ + this bridee formation object — the alkylene machine of the carbon numbe * 

a methylene group, an ethylene, a propylene machine, a butylene mao^ne. a pentyene mac ,ne - 

:S:rtSh h ri^ 

‘sr - ~ b ?r , 

Eh^=:= 

objeoUs only -000- this solid electrolyte material will «.* as a lithium ,on independent 

content high molecular compound which has at least two hy - roxy grQups jn (A)1 

Sr “and 0 ©' ^ranVrSur: wMeh consists of an alhali compound containing (C) 

wmmMmmisz. 

S?lHlHS=£s 

and a propyl group, a Idyl ^ th the silicon a tom, a small amount of hydrogen atom 

example. Moreover, as a basis combin moietv of the ORGANO machine 

ryi"~;rh^^^ 

trimethylsiloxy machine are mentioned, for ~r*^*%* end halt agent which are 

obtahuicT b^carrving out t£e£ohydrolysis of the ORGANO diohlorosilane which has a cyano 
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_ro U n as the one method, and the ORGANO dichlorosilane which does not have a cyano group 
are stirred in sulfuric-acid solution, and the reaction which a cyano group converts into a 
rarhoxvl group and the method of making ring opening polymerization start are mentioned. 
moiOKB) The high molecular compound of a component is the cross linking agent of the above 

W0®B C ;r:°av . component and the (B) connponent dissolve 

5 b 

repeatability of physical properties. (A) It is desirable to have the s.loxane unit about the 

copolymer bridge formation object etc. 

R2 R2 R 2 

R2 3 S iO CS i 0) a (SiO) b (SiO) cSi R 2 * 

I I w n V rt a r\ "v D 6 



02 I R 3 - CR 4 0) P-R 6 

R3- (R 4 0) P-H 

( _ an org anic machine univalent in R2, an organic machine divalent in ^ 

univalent [ 4 / of ^ 00 among ^ 7 formula The po.yorganosi.oxane 

^.^^innH^en'^hine 

(B) oomponent to dissolve, a and the ratio of <b + o) have des.rable wdh,n the 1,-n.ts of (1.5) 
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ion conductivity is 

SS^T^ ~£ -A- n - " 

the integers of 1-100 among a formu .) , hydroxyl group at the piece end of a 

shown It is desirable that it is polyoxyalky ene DO | vox yalkylene are alkylene machines, such 

chain shown. R6 and R7 of the upper formula machine, a pentylene 
as a methylene group, an ethylene, a propylene m , . a , as ap alkyl group; 

machine, a hexylene machine and a gr P „ up , and a propyl group. 0 

acetyl group or propionyl machin , of 5 _ 2 o is desirable. The 

and r are within the limits of 1-100, and ^ wth the polyoxyalkylene 

condensation reaction of the polyoxyalkylene ^chhM ■ « both ends is carried out to 

or the piece end of a chain which has Increases the content of 

the above-mentioned (A) compone t, h . • t a ma cromolecule copolymer 

the bridge fonoation a graft chain does not exist the 

bridge formation object Even if this ® )ene can be made to form by the 

bridge formation chain or graft chain of po y y invention. Since there is a limitation 

polyoxyalkylene chain in a high rno ecu chain i n a high molecular compound in the 

in the amount of introduction of the ^«^"^^J diaa 5v e , make it however, more 
conditions which the (A) componen an hydroxyl group at the polyoxyalkylene or 

s. u— — » 

conductivity improves. d containing a lithium atom and especially 

[0014] (C) Although a component is an alkal P desirable and it is desirable 

the kind is not limited, a hydroxide, an ak=ohoj*e. • (Li0H ). This (C) 

to be used, especially the gestalt o y ’ . car b 0 xyl group in the (A) component into 

component carries out the role which finaH ^ forms the carboxyl g ^ ^ 

lithium carboxylate by dehydration a e component. Consequently, as a 

esterification reaction of the ( ) componen . |g ^ xed to a siloxane polymer chain and an 

macromolecule copolymer bridge ° rma ' which the cation (lithium ion) which is a counter 

anion (carboxylate ion) becomes the ^f^^^Ttisdesirab.e that ratio ratio [ of the number 
ion was distributed. Moreover, as fo j f the oxy - a lkylene machine in a 

of mols [Li+] of a lithium ion to the number of h V r RQ] sets tQ a00 5-0.25, and it is 

macromolecule copolymer bridge formation objec L U LL J_L^ ^ a macromolecule 

0.02-0.1 more preferably, this - ^ - the maneu Ve rabi.ity of a segment - bad - 

copolymer bridge formation object g g P tivi high from the f a || of the number of 
becoming — moreover It is becau )ess than q. 005. Moreover, the number of mols 

carriers will become difficult to ge i i number of mols of the hydroxyl group in the (B) 

of the carboxyl group ,n the (A) comp0 "®"^ f . a , ka)i equiv alent in the (C) component are 
component, and the ratio of the sum tot . (1 .2:1.0) is desirable, 

within the limits of - (I^O) 00:1), | and iti s object which the esterification reaction 

Although the macromolecule copdymer b B J _ (Q) compone nt in the inclination 

occurred and solidified by any ratio ,s cbU‘ned. th,_s tos I.A^,^ ^ ^ hydroxyl gr0 

which will be in the state where of an number of mols of the number of 

remained in solid electrolyte whe h tota | Q f the alkali equivalent in the (C) 

mols of the hydroxyl group in the (B) shaa> | y . Since it is expected that 

component and the carboxyl group in e haooen when the solid electrolyte in this state 

evils such as a reaction with electrode material. ^^^ oned m de rati, is set to 1, 
is included in a cell, it is not desira e - ^ which only the lithium ion was fixed, and a 

an anion kind will serve as only ca °xy -.-dependent conduction-type solid electrolyte, 

cation kind will serve as a perfect lithiu component - (C) component in this method 

K5^ and a ” ,ecu,e copo,ymer bridge 
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formation object is ; made to bridge ctConenrand the hydroxyl group of the 

esterification reaction of the ca y g conventionally well-known reaction 

(B) component Esterification reaction of a carboxyl group and a 

means, for example, alkali etc., by w ic method of making it react to the bottom 

hydroxyl group as the reaction means, are u , • order that heating may remove the 

of ordinary temperature or heating can be used * the same time it 

water which is the by-product generated y technical means, and the temperature is 

promotes this esterification reaction, it is an can ’ be performed on 

usually 1 50 degrees C or less. ^^comp onent and the (B) component are uniformly mixable 
condition that a non solvent. ( ) P .. a ft e r making it dissolve in the (B) component 

easily by operation since a component has 

beforehand or mixing the (A) comp nnera tion of stirring etc. is also possible for the 

solubility to an oxy-alkylene chain. (C > Aft * * for disso | ut i 0 n time shortening, operation 

dissolution to the oxy alkylene chain P water is effective. Moreover, when 

of heating or ultrasonic irradiation or addition o < a) component - (C) 
use of the organic solvent 18 Perm'M'ble in a ^ solvent, and a solvent may be evaporated 

component may be mixed an isso v ® th ; s organ j c solvent is not limited, a 

after an appropriate time. A'^o^sp ^ formamide , and dimethyl sulfoxide are^ 

tetrahydrofuran, a dioxane, a • esterif|cation reac tion generates water as a by 

mentioned, for example. Moreover, smc comDonent - (C) component under reduced 

product it is desirable to after adVanCi " g 

pressure finally, for example, the Krlinarv-oressure heating, and performing 

esterification reaction to some extent under o I ry P esteri f lcat ion reaction which were 

tzttzxzxz rsrsss - * - — - ~ 

under reduced pressure after an appropriate t!me. combine the above-mentioned 

[0016] Although the lithium cell of this inven a ° so , id electro |yte, it is not limited especially about 
positive electrode, a negative electrode, oroducing each separately. However, 

the building method. You may combine r throe , person* b generally large. - 

since the efficiency as a cell increases so thatthe touon on , positive 

after carrying out the oast of the mixture of a isolud electroyt ^ ^ a „ egative 

tZZSZXZZ ~ — as - argon, preferably 

[Example] Hereafter, an example explains wa^Jerformed by the following 

measurement of the ionic conductivity of a^hdelectrol^e P |(jered as ^ sample . 

method. The solid electrolyte was cast in the shape of _ afijr electrode of the 
After measuring the thickness of this sample with ' of a sample . After 

shape of a circular plate with a ,ame hicb C an set this whole as arbitrary temperature, 

installing in the reduced pressure container « h '^ e C s ^ o e ” h and the state of a sam ple fully 
decompressing to the high vacuum of l O t S ^ ^ ^ impressed by the LC R meter 

Stf 2 :L?fmrYVKoVAWA EUECTR I 0 Hewlett Packard A), and conductivity was measured by 

the complex impedance method. 

[Example 1] What is depended on the conventional 

thing (sample 1) depended on thlS ^g4g compound (2)0.450g, compound (3)0.1 67g, 12.2mg 

[0019] Stirring mixture of compound (1)0.38 g, P 1 following was carried out, the 

^"di^d^a^ to fully dissolve. After slushing this solution into 
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the pan made from the Teflon of 3cm around and heating it at 120 degrees C on a hot plate for 2 
hours, when the vacuum drying was carri d out for four days at 140 degrees C by the vacuum 
dryer, the film with the transparent thickness of 0.3mm was obtained. Since that the peak 
originating in a hydroxyl group and an isolation carboxylic acid is not accepted, the stretching- 
vibration peak of the carbonyl group by esterification being seen by 1740cm-1, and the 
unsymmetrical stretching-vibration peak by carboxylate ion were seen by 1 600cm-1 when the 
infrared absorption spectrum of this film was investigated, it turns out that the esterification 
reaction is performed nearly completely. When the ion conductivity of a film was measured, the 
value of 2.0x10-7 S-cm -1 was acquired at 25 degrees C. 

Compound (1): [Formula 2] 

CHs CHa C Ha CHa 

II II 

CHaS i O (S i O) 36 (S i O) ssS i CHa 

II I I 

CHa l CHa CHa 

(CHa) aCOOH 



Compound (2): [Formula 3] 

CHa CHa CHs CHa 

II II 

CHaS i 0 (S i 0) 3 (S i 0) 7 s i CHa 

li II 

CHa I CHa CHa 

(CHa) a (CHaCHaO) taH 



Compound (3): H0(CH2CH20)1 2CH3 [0020] After having carried out stirring mixture of 
compound (1)0.278g, compound (2)0.527g, compound (3)0.1 95g, and 30.8mg of lithium 
perchlorates used by sample 2 sample 1, having irradiated the ultrasonic wave, making it fully 
dissolve and adding 3micro of 0.1 convention hydrochloric-acid ethanol solutions I, when the 
same stoving processing as a sample 1 was performed, the film with the transparent thickness of 
0.3mm was obtained. When the infrared absorption spectrum of this film was investigated, it 
turns out [ that the peak originating in a hydroxyl group and an isolation carboxylic acid is not 
accepted, and / as which the stretching-vibration peak of the carbonyl group by esterification is 
regarded by 1740cm-1 ] that the shell and the esterification reaction are rattlingly performed 
nearly completely. When ion conductivity was measured, the value of 4.8x10-5 S-cm -1 was 
acquired at 25 degrees C. 

[0021] The lithium foil with a diameter [ of 1cm ] and a thickness of 0.14mm was stuck to both 
sides of the sample 1 with a direct-current-voltage impression examination thickness of 0.3mm 
and a sample 2, this whole was installed in the reduced pressure container, after it 
decompressed to the high vacuum of 10 to 5 or less Torrs at 25 degrees C and the state of a 
sample fully reached the balance, the direct current voltage of IV was impressed to both the 
lithiums foil, and flowing aging of current was observed. By the sample 1, 5.2micro of early 
current A continued for about two days, and it was confirmed that this ion conductivity material 
is cation independent conduction-type ion conductivity material. On the other hand, two days 
after by the sample 2, 79micro of early current A fell to 4.4microA. Subsequently, the lithium cell 
was constituted using the solid electrolyte of samples 1 or 2. The lithium-manganese multiple 
oxide used as a positive-electrode material was prepared by the method stated to 
SanyoTechnical Review and 20,114 (1989) by Noma and others. Lithium hydroxide After often 
mixing 0.1 18g and 1g of chemosynthesis manganese dioxide, it heated in 20-hour air at 375 
degrees C, and the specified substance was obtained. When casting to an electrode. Teflon 5mg 
was added as acetylene black 20mg as 30mg of this lithium-manganese multiple oxide, and an 
electric conduction agent, and a binder, pressurization molding was carried out, and it obtained. 
The cross section of the cell produced using this positive electrode was shown in drawing 1 . 

The charge-and-discharge cycle test was performed about the lithium cell with which samples 1 
or 2 were incorporated. 3.5V and minimum voltage at the time of electric discharge were 
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performed for the upper limit voltage at the time of charge as 2.5V by the constant current (3.77 
or 37.7microA/cm -2). The voltage-time curve in a cycle typical to drawing 2 was shown. By the 
cell (a) incorporating the sample 1 obtained by this invention, not seeing and the inclination to go 
up further has most decline in the efficiency accompanying the repeat of charge and discharge. 

In the cell (b) incorporating the sample 2 obtained with the conventional technology, and the 
(example 1 of comparison), decline in the efficiency by the repeat of charge and discharge was 
seen. Transition of the service capacity for every cycle was shown in drawing 3 . To having 
seldom changed the service capacity for every cycle by the cell (a) incorporating the sample 1, 
but being stable, in the cell (b) incorporating the sample 2, and the (example 1 of comparison), 
stability was missing and service capacity also fell gradually. 

[ 0022 ] 

[Example 2] Compound (4)1 Og shown below was dissolved in about 500ml toluene / n-butyl 
alcohol (1/1) mixed solvent, the 76.42mg lithium hydroxide was added, it fully stirred, and the 
carboxyl group in a compound (4) was made to form into lithium carboxylate completely. Stirring 
mixture of compound (5)0.1 54g which removes a solvent completely after an appropriate time, 
and is shown in 0.772g of obtained oily matter and the following, and the compound (6)0.074g was 
carried out, the ultrasonic wave was irradiated, and it was made to fully dissolve. After adding 
about 20mg of phenyl-1 -hide ROKISHI isopropyl ketones to this mixture as a photosensitizer fa- 
isopropyl), when it slushed into the pan made from the Teflon of 3cm around and the ultraviolet 
rays of 160 W/cm from a high-pressure mercury lamp were irradiated for 6 seconds in 5cm 
distance from the perpendicular upper part, the film with the transparent thickness of 0.3mm was 
obtained. After carrying out reduced pressure drying of this for two days at 70 degrees C 
furthermore, when ionic conductivity was measured, the value of 1.6x10-7 S-cm -1 was acquired 
at 25 degrees C. Moreover, when the same direct-current-voltage impression examination as an 
example 1 was performed, the current of 4.7microA continued for about two days. When the still 
more nearly same lithium cell as an example 1 was produced, early service capacity is 2.5 mAh/ g 
and became 20 cycle eye with 2.3 mAh/ g. 

Compound (4): [Formula 4] 

CH» CHa C Ha CHa CHa CHa 

II I 111 

CHaS i 0 CS i 0) is (S i 0) i6- (S i O) s (S i 0) e< S i CHa 
I j. I I I I 



CHa 



CC Ha) 3 S H I CHa 

I (CHa) a C OOH 

( C H 2 ) a S (C Ha) a 0 (CHaCHaO) taCHa 



CHa 



Compound (5): CH2=CH-CH20(CH2CH20)12CH2-CH=CH2 compound (6):CH2=CH-CH20 
(CH2CH20)12CH3 [0023] 

[Example 3] Compound (7)1 Og shown below was dissolved in about 500ml toluene / n-butyl 
alcohol (1/1) mixed solvent, the 86.67mg lithium hydroxide was added, it fully stirred, and the 
carboxyl group in a compound (7) was made to form into lithium carboxylate completely. Stirring 
mixture of compound (5)0.1 70g which removed the solvent after an appropriate time completely, 
and used it for it in 0.749g of obtained oily matter and the example 1, and the compound (6) 

0.081 g was carried out, the ultrasonic wave was irradiated, and it was made to fully dissolve. 

After 2.47microl Adding a chloroplatinic-acid 6 hydrate (H2PtCI6.6H20) isopropyl alcohol 
solution to this mixture 2 % of the weight as a hydrosilylation catalyst, it slushed into the pan 
made from the Teflon of 3cm around, and when heated within the oven adjusted to 70 degrees C 
for 2 hours, the film with the transparent thickness of 0.3mm was obtained. After carrying out 
reduced pressure drying of this for two days at 70 degrees C furthermore, when ionic 
conductivity was measured, the value of 1.8x10-7 S-cm -1 was acquired at 25 degrees C. 
Moreover, when the same direct— current-voltage impression examination as an example 1 was 
performed, the current of 4.9microA continued for about two days. When the still more nearly 
same lithium cell as an example 1 was produced, early service capacity is 3.5 mAh/ g and became 
20 cycle eye with 2.9 mAh/g. 
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Compound (7): [Formula 5] 

ch 3 ch 3 ch 3 ch 3 CHa C Hs 

III I II 

C Ha S i 0 (S i 0) 6 CS i 0) 1G (Si 0) » (S i 0> mS i CH 3 

III II 

CHs I H CHa CH 3 

(CHs) $ C 0 0 H 

(CHa) a 0 (CHaCHaO) laCHa 

[0024] 

[Effect of the Invention] In the lithium cell with which the negative electrode to which the lithium 
cell of this invention makes an active material a metal lithium, a lithium alloy, or lithium insertion 
type carbon, and the positive electrode are constituted through the electrolyte The 
aforementioned electrolyte combined with the silicon atom through the hydrocarbon group. A 
formula, -COO-U+ Since it consists of a macromolecule copolymer bridge formation object 
which consisted of a polyorganosiloxane chain containing the lithium carboxylate machine shown, 
and polyoxyalkylene chain The stable voltage and stable current are given and there is the 
feature of having high reliability. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the cross section of the lithium cell of this invention. 

[Drawing 2] Drawing 2 a shows a time change of the voltage by the charge and discharge under 
the constant current (3.77microA/cm2) of the lithium cell obtained in the example 1, and drawing 
2 b shows time change of the voltage by the charge and discharge under the constant current 
(37.7microA/cm2) of the example 1 of comparison. In addition, in drawing 2 a and drawing 2 b, v 
is voltage, and t is elapsed time. 

[Drawing 3] Drawing 3 a shows transition for every cycle of the service capacity by the charge 
and discharge under the constant current (3.77microA/cm2) of the lithium cell obtained in the 
example 1, and drawing 3 b shows transition for every cycle of the service capacity by the 
charge and discharge under the constant current (37.7microA/cm2) of the lithium cell of the 
example 1 of comparison. In addition, in drawing 3 a and drawing 3 b, D.C. is service capacity, and 
C.T. is the number of cycles. 1 — the spacer made from Teflon, and 2 — a nickel network and 3 
— a nickel network and 4 — a positive electrode (lithium-manganese multiple oxide) and 5 — a 
solid electrolyte and 6 — a negative electrode (lithium foil) and 7 — a nickel network (what 
stuck the lithium foil by pressure), and 8 — a nickel network and 9 — lead wire 
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>. 7t5=5y/K 

k , vJ * P / O ^ tf ! btva „ :wi 

Af 1 / HkSJC < 4 SiJ 4 ! fetLX 7 K ^^- rac 0 X , 
IC(4(A)JS^~(C)^(0 jg-g-flc Sr i®ffiT(-a< 
» 4 K . ^ AE ( JDfiTX ' i 7 . 7 1 7 HkSl £:^ i)a 

mSiiff $- a : 7 cmi 4 METX * 5 !) DfiL , ^B)c Lfc 7 KcDI &* 
fczt ^^/ HkRJSco ^ lgira^lcff 7 ^ feds « m$*v 
a , fcf -' L , »* lSI ^ SiJ * fl [ fflLfc 48 - g - tt . ^/ET 
SKiTX -^ x r / MLRlS^r fo aSffixtfr 
Ld > a « l 4 «flETX 

sosfiH - a ^ s ^ fca . 

[0 0 16] ^C«Wroy^!>AS?fiJ4±K<0jEffi x 

«^ife(wOViX(4i)#tc|5I^ L/4V\, ^sij^r |C(*ML 

X«>e> 3f*g^bttt JA\ Lt)iL, -«3;6<)lc# 
ffi (:: fc » 4 a ! g « ffiSI ^# V ' l * irs?fefc L xrosb ^ s ® 
S 5 ; t ^ 6 , 

AhL. $d(SKf£?* ; fTfc'-a:X7^7i'A(l:Lfcm. 

aiy-g-fc-fra^s^jt^^^a. tk^i-j: y, * 

@^m»®i4^w^§:(tafcs!). «?i»fmt4tt» 

7^s^fca„ 

[0 0 17 ] 

[H16«] £(Tv SllfifiaHcx*ISM*«tyf¥»llclftW-r 
a 0 laj . @^ B » w < 7 H '^- vg ^< 7 ) ayst 42 »:< oy ?)£ i 4 
4 yffofc „ 

S *^ i ; Lfc „ i ( DS *!( 5 fOJ ¥$ 4 - 7 Xi ' n ^-^- x * a'JS 

Lfc ^ ^< 7 )^ ffi { 4 it ^ lci ] l ( 7 > R ^ 7 e l 

m^4r®:^L, iO±«:«rffijtOiaglC^:BX*%a«JE 
1 o - 5 To r rSiTiDmmg-tXl&IE 
LXKn<0^)5S+»(w5p«|C^U tz'&. L CRt* —9 
- (mi»JKx.-U-y h^y4»-K?±M4 1 9 2A) 144 
y 5Hz~l 3MHzO^«l®ffiSrP|I*OL. ll-fy \*-? 




(6) 



!RM¥5-3 6 4 4 1 
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[0 0 18 ] 

immmi] isx*j&mzx&t><» mn 

1) fcilWttifctSWfc*. (SW 

2) &^®!Lfc 0 

[0019] 1 

T82ir^S#i5-(k-g-«J (1) 0. 3 8 4 g v {k£-^ 

(2) 0.4 50 g> (3) 0. 1 6 7 g. TkgHfc 

!if^l 2 . 2mg43<fct)'7kO . 1 6 g i: U 

S«&*R8ltLT+5)-K«<!?$-&fc. c 3 cmE io 

*y KT'U— h±T-l 

2 0 < CT*2BtP B ! ]l)D^Ufc^. Jf£«J*»lw-C 1 4 O'Ct' 

CHa CHa 



10 

4 0P a m^®lLfc{:;^ 0 . 3mn(r>m£<7y&yite7 
-l/PA&itfc, ~<7)-7s</UjU(D0n- (ot'fcSW 
7kgPSfcJ:U t ie^/^^®ElcS3)5-ret:' 

:t*7vp£j£lci6;&7M?= 
/I'g^WflgtBSIlt’-*#! 7 4 Ocm-' (C^e>*L2> 2: i: . 

* /w / U- b / * > t- i 5 f - ? i)i 

16 0 Ocm- 1 IZ%.t±ilZ>Z bil'h, 

\2%±\z.ft foUTV ' 5 21 t # £>fro 7c„ 27 ^ /pj* ® / *■ 
^jgm^Sri'J^Lfci: :5, 25U-2.0xiO- 7 S 

• cm- 1 roffitffcfeixfc. 

( 1 ) : 



Ufc 2 ] 

CHa CHa 

II II 

CHaS i 0 (S i 0) 36 (S i 0) 6bS i CHa 
! | II 

CHa 1 CHa CHa 

(CHa) aCOOH 



(2) : Hfc3] 

CHa CHa CHa CHa 

II II 

CHaS i 0 (S i 0) a (S i 0) 7S i CHa 
I I I I 

CHa I CHa CHa 

(CHa) a (CHaCHaO) ,*H 



it &%. I (3) : HO (CHzCHzO) 12 CHa 

[00 20 ] !*$]■ 2 

1 Ltlfc&m ( 1 ) 0.2 78 g, ik&!& 

(2) 0. 5 2 7 g. (3) 0.195 g&it/i® 

ML-c+^lr^«¥-frL», o.l /-^m 

■®3n 1 TLtzM, iw 1 1 m&temm&mf&mzfT 

o7ci21?>. 0 . 3mm<Dff£<Dit$&:7^7PA£#7c. 

;®7 -f /kAco^s&iRx-^ 7k 

i •5^7i-7k'=7US<73^liSI!|lj 

fc°-^*5l 7 4 Ocm- 1 

7HkKt&ttlSlS^I-^tiXV'5Ct^*7^o7c. -f 
tf>^®35£$!|;tl,7ci:2:-5>. 2 5tf4.8 X 1 0' s 
S • cm' 1 40 

[ 0021 ] mffim&mDH® 

W £ 0 . 3mm©t£|sf 1 *3 2 coMKlCjEg 1 cm, 

If $ 0. 1 4mm<7>y<f U 

SS&rtlctS:® U 2 5tl;t l o- 5 To r t £XT<r>mM 

£%x-ME£^T&n<Dftmfr+Mz¥-'mzmLit'&. m 

mmkzm.m Ltz 0 1 x-ittimnmm 5 . 2 n a# 
*520 u c <x>x 

e&mx *>mm&ttnxhz z t bhxtz* x 
kUCttU &W2X'ttW&<r>mMl 9n At'2 0^l-(4 so 



4.4 n ASTiSTUfc, &IATM&PU Sfc(4 2 0|a($: 

mMtt&mii'X'jT-'trAnM&mi&isiz* iswiL 

x m'ti!) ?■? a— fcmt. tgpflfetj: 

o TSanyoTechnical Review. 20, 1 1 4 (1 989) £>i7/c 

^j£liJ:1^iaLfc 0 0.1 1 8 g ift 

g£,£<!g-£-Ofc*. 3 7 530 
T* 2 0 «PI3]S*4>1?aoi» L B &5$&£#fc„ 
sfigiitt. o<oy oagt 
mm&lkLXVTt^l'yyy yi> 2 Omg. L 

tf7B V 5ng*iP*.ft!l5&Sl! LT#7c« 
ffll'T^»lUfc«?i<iO»r®0Sriail^Lfc. ^li 
7c (±2 (om^Mixtz 

b%frofco £®?SiE (3. 7 7fcS(/'(43 7 . 7 
H A/cm- 2 ) -C-3EmBf d±Pim(E4r 3.5V. 

TPg®ffi£ 2.5Vt L-Cffo 7c» El 2 

tztmiz®.*&Astznm (a) -c-i±. 

it t i> * 5 t A/ if a ^ v 

t>\ $e.iw±#-t5«[S]iwfos„ a&*fi«if-e#e>^fc» 
M2^r*fi^/7c®® (b) (JtRflll) -C*(45E«t«0 
»9jgU4j;5gb^offiT7)^^7v7c 0 
Lfco ik-Y ^ 

14. SW1 Srffl^iiA/7c®H6 (a) -CI4* i 

«W2 4rffl^5iA//lf««fc (b) 




(7) 



#BW5-3 6 44 1 
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10 0 2 2 ] 

[just* 2] (4) 10g£r*t5 

0 OmlW V^Si'y/ n-Tf^/VT/V^— /> (1/1) iS 
7 6.4 2mg(O^S6(b!)f L »AS:An 
x. +#(-«# U fb-g-fe (4) 

%±\ cy^A^/u^-yu- HkS-erfc. L^SISie 
®J£&35£fcSi!>ISfcg. ^/ftfcitt^O. 7 7 2 g b 
TI5l-^$*i/-fb'g' 1 & (5) 0.154 gfc'iWb^® 
(6) 0. 0 7 4 g fcfcflMmg-U itStiJlt 
e©iS#!fele3teJfjg&Jb LT (4- 
y y/a t”;u) y*— />- 1 -z^y Ko^r/y y/a f/u 



iriJfcUi*. SiS±*-J;(9il5JE2l<ffiyyy'^5i<7)l 6 0 
W/cm<7>&tti® £ 5 cmCOSg*-t? 6 8>8Wt Lfc be/. 

0 . 3mm<DJ!f c? <752|?^7iy y A* A%^fc. 0 $ /I^.etl/t2 

7 0 < CT*2 0H«EEftfl|g-arfc«. 
bfcbe/, 2 5‘C'C 1 . 6 X 1 0- 7 S • cm- 1 

btitz, ttc. ni&mikmmtmmwzmvnmzn 
o^be/. 4 . 7 n A<nnm i fo 2 e rmm. Ltz, § 
bicjusm 

Wm<r>Mcm®&ll 2 . 5mAh/gT*fcy. 20t^> 
io /PH Uti 2 . 3 mA h /g b te-pfc. 
tbg-«) (4) : 

Kb 4] 



/ hy&*i)2 OmgJbD/fctg. 3cmE*dyyBySJc0il 

C Ha C Ha CHa C Ha C Ha CHa 

II I III 

CHaS i 0 (S i 0) 16 CS i 0) 16- CS i O) . CS i 0) 64 S i CH» 



I 

CHa 



I 



I 

CHa 



(CHa)aSH I 

(CHa) aCOOH 
(CHa)aS (CHa)aO CC Ha C Ha 0 ) la C Ha 



I 

CHa 



<t&®> (5) : 

CHz = CH-CHzO (CHzCHzO) uCH2-CH = CH2 



(b-gife (6) : 

CHa = CH-CH20 (CH2CH2O) 12CH3 
[0 0 2 3] 

[JUStS 3] TI5lc^$n5Ybg-^ (7) 10g£r$j5 
0 0ml<7) Yiv^-'y/w /u (l/l) iS 

g1£!KSC®»£-fr. 8 6.6 7mg<D7K$Hby ‘T-pJx&M 

/. -h#izm#u it-tvi (7) 

SI*fc3S±l::]&?>ISfc#. 10.7 4 9 g i 

JUStS 1 -c-tfeffl ufctb-g-tfc ( 5 ) o.nogfcm 
g-to (6) 0 . 0 8 1 g b£8SmSg-U 
Lr+^li^^-a:fc„ e^iSg-fel-fc Kd/y/Hbtt 
^tUT2fig%fifbfi^6 7K?D!i) (HzPtCls- 

CHa CHa CHa 

I I I 

CHaS [ 0 (S i 0) a (S i 0) 16 

1 I 1 

CHa 1 H 

(CHa) aCOOH 

[0 0 2 4] 

AJ? AIKf & k ir 

z&mk, sEmktfmM’g&'frLxmi&ztix^z'j?- 
tag mmm\ mt^mm^xx 
/y^m^ie^-gi/c -coo-Li* xn*$ti 
t 'g£^WTZtf!J 

isn*-y->mk#v**->Tsi'*i'>mkfi'‘i>mi$$n 



6 H 2 O) y y/n tWTA-B — /iygjg£2 . 4 7 m lJD 
Zfct&, 3cmgg^(7>-ryny®l(nM.(^Ui^ 7 0t: 

icsag£ ixfcsi— / vrt-e 2 B$iyWD?& ufc t e /. o . 

3mm<75J?^©^^7;yy/y^?r#fc„ $ /Kei^ 7 0 
XX 2 0 ra*JEft**i*-li:fc£. y at- :«£ Lfc 
fcr^>> 2 5 'em . 8 x 1 O- 7 S • cm- 1 CDlit/>#<b;n, 
tz Q £7c. JUStSl tra«*Ei*«CPnaDK»SrfTofc 
be/. 4 . 9 #i ACD®i5t^2 RTmWtXtz* $ /lw 

ao iusw i kmm<D y ^ * A.mM.zftm ut be/, uau 

®»ttfil±3.5mAh/gffc!l. 2 0t^?/l'@ 
teii2 . 9 m A h / g bftofc,, 

<£■£■%> (7) : 

Kb 5] 

CHa CHa CHa 

I I I 

(S i 0) 16 (S i 0) $4 S i CHa 

I I I 

CHa CHa 

(CHa) aO (CHaCHaO) laCHa 

msacofgm^in^] 

nan ®ir±*&w<nv?-v£.n.i&<r>mffimx»>Z' 
[0 2 ] 02 a ttjusts i -cyt/t/c y ^ y 

m (3.77 m A/cm 2 ) TTWMtK <£ /®EE<DB$ 

mttmt&n-' t. 0 2 b ttfcbW'i i (Dizmm ( 37.7 

MA/cm 2 ) T-C*<03E»mieJ:/mffi<75^®(bSr^U 
tzi><DXfoZ>« (SI. 0 2 at=£Xf\82 blcfc-ti-Cvtim 
EffoD. tl4SiiBtF B VC*>/» 

[ 03 ] 03 aitmmmi x-'iWibntz'jf-v^mm.’Dm 

mwt (. 3 . 7 7m A/cm 2 ) T'C'ro3&ft®l;: =t 



50 




( 8 ) 



5-3 6 44 1 
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<731M t U ig 3 b {Ztt&m 1<D'J^V 

(3 7. In A/cm 2 ) TTcD^mirj; 

ft, @3 a $5^1/0 3 blCSol'TD.C.Ii«t®^ST'fo 
9. C.T.f4f-4'^^r*fc6» lttf7By|}^- 
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U— , 2l±-'>^/uP, 3 fi— 4liEffi (!) 

?-vi»— , snmfrmwg. 6ii 
(V^P^iS) , 7lt~'y'rsi'ffl 
%Ltzi,<n) , 811-5/^;^, 9tiy-K«5 







